Background: Characteristics of a cancer-positive margin around a resected uncinate process of the pancreas (MUP) due to a pancreticoduodenectomy are difficult to understand by standardized evaluation because of its complex anatomy.
Introduction
Pancreaticoduodenectomy (PD) is the standard surgery for carcinoma of the pancreatic head. For patients with this disease, the best hope for a cure is complete histopathological resection 1 3 . To determine the success of complete histopathological resection, the most important factor is a resected peripancreatic tissue margin that tests negative for the involvement of cancer cells 4 . Hence, improving the operative procedures in PD to ensure complete excision, after which histopathological examination shows no residual tumor (R0), is important 5 7 .
Surgical margins resected with PD consist of the pan- In 2008, circumferential SMA nerve plexus (PLsma)-preserving PD was introduced for R0 operations at our institution, in an effort to maintain patients' postoperative quality of life. Indications for PLsma-preserving PD were determined on the basis of the previously reported enhanced computed tomographic (CT) criteria for PLsma invasion 11 13 . Circumferential PLsma-preserving PD was performed for all patients who were confirmed as not having obvious PLsma invasion. However, circumferential PLsma-preserving PD is also associated with a high risk of cancer positivity in the dissected peripancreatic tissue margin. This method of surgery also highlights the difficulty of an unclear MUP at the border between the PLsma and the second section of the pancreatic head nerve plexus in the resected samples 14 16 .
The purposes of this study were to subclassify the MUP with TMDs of different colors and to identify the (Fig. 1a, b) .
Subclassification of the MUP
We divided the MUP into the following 4 subsections on the basis of the NCCN guidelines and various references 6 9,18 20 (Fig. 1b, 2) , namely (1) TMDs of different color, and, as a result, a detailed histopathological evaluation of the cut margin was able to be performed ( Fig. 2) .
Surgical Technique and Histopathological Preparation
In combination with the circumferential PLsmapreserving method, we introduced a left posterior approach for a PD with total excision of the mesopancreas and circumferential lymphadenectomy around the SMA while preserving the circumferential PLsma in cases of carcinoma of the pancreatic head 21 23 . The second portion of the pancreatic head nerve plexus (PLPhII) was determined to be the left margin in resected samples in conventional PD. However, this tissue (fat tissue, lymph vessels, lymph nodes, and nerves) extends beyond the SMA margin (Area C) to the ligament of Treitz, and this section (Area D) was referred to as the "mesopancreas" together with the SMA margin (Area C) 5 8,19,20,24 ( Fig. 1 5) .
Thus, the entire Area D can be dissected in the left posterior approach for PD.
In the PLsma-preserving PD, the surface of Area C is the border between the PLsma and the PLPhII (Fig. 4, 5 ).
As were determined on the basis of enhanced CT criteria for PLsma invasion as previously reported 11 13 . Of 10 cases of incomplete resection (R1), 9 (90%)
showed cancer positivity in the MUP ( Table 1) . When the MUP(+) cases were subclassified, only 2 were in Area C (4.4%). Among the 4 MUP sections, the one with the most MUP(+) sites (total, 11 sites in 9 patients) was Area B (6 sites, Fig. 6 ), which was followed by Area D(+) (3 sites) and Area C(+) (2 sites) (Fig. 7) ; ( Table 1) . Two pa- 
6).
The median follow-up period was 502 days, and disease relapsed in 25 patients (55.6%). The primary type and location of recurrence after surgery in most patients (18 of 25 patients) was metastasis in the liver. Disease relapsed in 7 of 9 patients with MUP(+) cases (77.8%). The site of initial recurrence differed significantly between patients with R0 and patients with R1 ( Table 2) ; in patients with R0 the initial recurrence was never local recurrence.
However, initial recurrence was localized in all patients
with Area D(+) cases (n=3) but was not localized in most other patients with MUP(+) cases ( Table 2) .
Discussion
Surgical margins resected with PD consisted of the pancreatic transection margin, bile duct cut margin, enteric margin, anterior surface, posterior margin, hepatoduodenal ligament margin, and the MUP 17, 18, 25 . In these margins, The MUP subclassification standards were set according to the definition of margins in the NCCN guidelines 18 because they closely coincide with the "mesopancreas" anatomically 5 8,19 . This MUP subclassification was able to be sufficiently confirmed because localized diagnoses of the MUP were possible and the presence of a positive margin was able to be clearly determined.
The first anatomical concept of the mesopancreas was Subsequently, we defined the MUP as the total extent of (1) the first portion of the pancreatic head nerve plexus (Area A), (2) the PV groove margin (Area B),
the SMA margin (Area C), and (4) left of the SMA margin to the ligament of Treitz (Area D) (Fig. 1b, 2) . We helps the surgical margin to be accurately diagnosed 26, 27 .
The TMDs were originally developed for staining prostate and mammary glands to determine the outermost layer of these organs without a serosa 26 28 . The greatest benefits of TMDs are that they do not lose color during the staining process and that they retain their original color after staining. As a result, the true surgical margin can be accurately confirmed 26 29 . A variety of TMDs are available commercially 28 30 . Among the available stains, we adopted TMDs of the Davidson Marking System (Bradley Products, Inc.) because they stably adhere to the organ during histological staining and because the decolorization process is not complicated.
According to evaluation of the MUP by subclassification, the most common cancer-positive site on the surgical margin in MUP(+) cases was Area B ( Table 1) . The main reason for this result is that the PV groove margin is closest to the tumor in carcinomas of the pancreatic head. Another reason may be that fewer PDs with PV resection are performed at our institution than at other institutions 31 35 . Thus, more aggressive adoption of PD with PV resection is highly recommended.
Although cancer cells can easily invade the PL (n=19), only 2 cases (4.4%) were Area C(+) in the present study (Table 1) . This low rate may support circumferential PLsma-preserving PD in order to carry out R0 operations in selected patients, and promote better postoperative quality of life 36, 37 . Furthermore, TMD staining was able to be used to verify our preoperative multidetector CT diagnosis of obvious PLsma invasion. In similar studies reported earlier 5,8 10,20,24 , the rate of R1 operation was 23% to 63.0% and higher than in the present study. However, positive margin rate in sites similar to the MUP in patients undergoing R1 operation was 86.2% to 91.7%, similar to the rate in the present study (90%). In other words, in patients with carcinoma of the pancreatic head, the possibility that cancer cells remain in the MUP is high and makes the MUP the most important site for R0 operations. A similar tendency in the pattern of postoperative recurrence was indicated in other studies.
In 2 reports on the subclassification of sites similar to the MUP 5, 24 , sites similar to Area C or Area D or both showed a high frequency of a positive margin (57.6%
and 53.1%). This rate of a high cancer-positive margin was likely caused by insufficient dissection around the left side of SMA. Consequently, our left posterior approach for PD can make a decisive difference in the MUP (+) rate compared with conventional PD 5 7,18 .
Furthermore, 2 patients in the present study had multiple MUP(+) sites (22.2%), mainly in Area B, at a rate lower than that described in other reports 9, 20 . This result was due to the exclusion of patients with borderline resectable pancreatic cancer 15 and patients with PLsma invasive pancreatic cancer and the execution of en bloc dissection via the left posterior approach for PD 36, 38 .
Conclusion
By subclassifying the MUP with TMDs of different colors, we were able to confirm the regional characteristics of MUP(+). As a result, circumferential PLsma-preserving PD was able to be performed in R0 operations in selected patients while a better postoperative quality of life was maintained. Furthermore, Area D(+) represents an extension beyond the limit of the local disease and may indicate the need for early aggressive adjuvant chemotherapy.
